Abstract.Domestic hot water preparation systems with flat plate solar collectors are widely used in Turkey. In this collector, the temperature difference between the required water temperature and the ambient air temperature increase causes a decrease in the efficiency of the collector. In this study, the use of double glass in order to increase the efficiency of the collector is studied experimentally.The location is in Isparta South West Turkey. Experimental study is conducted in May 2013 at the Suleyman Demirel University, Isparta. The system components are solar simulator, solar collector, tank, circulation pump, flowmeter, thermocouples, data acquisition device and solar sensor. Solar collector system's operating temperature is 50 o C for winter also summer. The difference between the collector temperature and the ambient air temperature exceeds 25 o C in many cases, were found to be more efficient double-glazed collectors. When the temperature difference is 40 o C, using double glazing collector is 24% more efficient than using single glazing collector.
Introduction
Utilization of solar energy, solar domestic hot water preparation is widely used in Turkey. The population of Turkey is 70 million. So, solar collector has very wide market.Turkey is between 26-45 north latitude and east longitude and 36 to 42 in terms of solar energy fortunate countries. Turkey experience the four seasons i.e. winter, spring, summer and autumn. Ambient air temperature varies according to the season. In summer temperature is generally around +30 o C, in winter it is around -10 o C. The desired water temperature for domestic hot water use is assumed to be 45 °C, difference between collector temperature and ambient air temperature is at least 50 o C in winter.
Flat plate solar collector heat losses can be classified as the upper surface and the lower and side surface heat losses. To reduce the upper surface heat loss, honeycomb or double transparent cover can be used. On the other hand, side and bottom surface heat loss can be reduced by increasing the thickness of heat insulation materials.The collector absorber plate, matte black color was chosen to reduce surface heat losses.Each transparent layer used in solar collector reduces both the permeability of the solar radiation and the heat losses from internal to external ambient.Especially in cases where the solar radiation is sufficient but the ambient air temperature is too low, to use more than one glass layer is more appropriate [1, 2] . Inside the solar collector pipe, passive methods like twisted tape, wire coil etc. can be used in order to increase heat transfer from absorber plate to working fluid.Use of these passive methods not only increase heat transfer but also increases pressure drop [3, 4] .
Using single and double glazing to reduce heat losses from the top surface are investigated experimentally the effect of flat plate solar collector efficiency.The effect of the heat losses of the collector bottom and side surfaces are not taken into account.
Experimental Procedure
All experiments were performed in Isparta, SuleymanDemirel University, Faculty of Technology. TS EN12975-2 Turkish standardis used for testing performance of solar collector [5] .
Firstly, two solar collector prototypes are prepared.Dimensions of the collectors are 90x190cm, collectors have 1.57 m 2 net absorber area.Collector absorber surface is made of steel and painted matt black color.Bottom and side surfaces of the collector were insulated with 10 cm glass wool.Solar collector's transparent cover is made of 4 mm glass.Double-glazed collectortransparent cover is made of 4 mm glass, 12 mm air gap and 4 mm glass (4+12+4).Glazing bead were placed between two pieces of glass all-round and sealed.Before installing glasses to the collector to measure the temperature of the glass bottom surface, three thermocouples are fixed.Double glazing applications to measure the temperature of the air gap between the two glass three thermocouples weremounted. The air gap temperature is also measured which is the gap between absorber surface and glass.
Experiments were carried out in two stages. The first of these was to determine the efficiency of the collector indoor experiment.Second, the natural circulation (thermosiphon) solar hot water preparation system is to test in the real environment.Indoor experiments conducted in the laboratory in solar simulator. Solar simulator's measures are 100x200cm. In solar simulator a total of 28 halogen lamp used to produce similar solar radiation.In the test area, to ensure solar radiation that has equal intensity are produced, at different places in different power of lamps (200, 300, 500 W) were used. Test area divided into sections of 15x15cm, from the field radiation was measured, the average power 946 W/m 2 .Radiation intensity was measured by Ahlborn Almemo 5690-2 data acquisition device, FLA613-GS global radiation sensor.Some of the variables in the experimental study are listed in Table 1 . Halogen lamps used in the simulator produces a large amount of heat energy. Three fans are used for the removal of the heat generated.These fans suck the hot air around the lamps and exhaust to the external environment.Itis observed that surrounding air temperature of solar collector is different from top to bottom.Because of that 2 mm polycarbon sheet was placed between the collector and the lamps.Warm air between the simulator lamps and polycarbon sheet is removed by a fan.In the same way another fan is used for removing the warm air between the solar collector and polycarbon sheet. So that both the upper and lower ambient of collector were maintained to be equal temperature. This objective could not be performed exactly. Because of that, upper and lower ambient air temperatures of the collector is measured and used as the arithmetic average outdoor temperature.
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Fig.1.Sketch of experimental setup
Flowchartof study is given in Fig. 1 . The water is heated to the desired temperature in a tank,pumped to the collector by circulation pump. Flow rate were measured by flow meter, flow rate with a flow control valves is fixed to the desired value. The flow rate is set to be 0.02 kg/m 2 s as standard [5] . The heated water from the collector cooled and sent back to tank again. At this stage, collector inlet and outlet temperatures were measured using K-type thermocouples. Collector inlet temperature gradually increased. Experiments started at a temperature higher than the ambient air temperature and experiments were performed at the five different inlet temperatures. Each experiment was repeated three times.
Collector efficiencycalculated [1, 5] by Eq. 1 and reduced temperature calculatedby Eq. 2.
In this equations; η c collector efficiency, m collector's flow rate, C p specific heat capacity of fluid, ∆T inlet and outlet temperature difference of fluid, A net collector area, G solar irradiance, T m the mean collector temperature, T a the ambient air temperature, T i collector inlet temperature, T o collector outlet temperature.
Instant fluid flow could not measure at the outdoor experiments.Therefore measurements taken at 15 minutes intervals were used to calculate collector efficiency.Collector efficiency calculated with Eq. 5. 
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Where M is the mass of the fluid is heated, ∆T is the temperature rise of the fluid between the two measuring, and ∆t represents time. Fig. 2 shows the components of the solar simulator and the test rig. This picture shows; solar collector, polycarbon sheet, two fans to remove heated air, hot water tank, circulation pump, flow meter, thermocouples and data acquisition device. Fig. 2 . Photograph of the solar simulator with thermocouples used on experimental study Singleand double-glazed flat plate solar collectors were installed to two separate systems. These two systems located side by side to external environment with the same inclination angle to the south direction. The angle of inclination of the collector is taken as to the degree of latitude to Isparta. Hot water storage capacity (M) is the same for both systems is 60kg. At this stage, water outlet temperatures of collector, storage temperatures and solar irradiance were measured. The measurements were made with 15 minutes (∆t) intervals throughout the day.
Experimental Results
As a result of this study, laboratory experiments in the solar simulator were created for singleglazed and double-glazed solar collector efficiency curve is seen in Fig.3 .Efficiency equations for single-glazed and double-glazed solar collectors are given below. y = -9.563x + 0.702 (single-glazed) (6) y = -7.931x + 0.599 (double-glazed)
Single-and double-glazed solar collector efficiency curves obtained for the external ambient test results shown in Fig.4 .
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Conclusion
As a result, in this study it is observed that using double glazed solar collectors is more efficient in cold climates. In cold climates during the winter months, single-glazed solar collector is unable to protect the indoor temperature, so heat losses increase. Therefore the collector efficiency is decreasing rapidly. Although second glass of double-glazed collector reduces the transmittance of solar radiation, heat losses from the upper surface decreases. So double-glazed collector efficiency increases.The use of double glass instead of single glass has not have much an impact to the cost of the solar collector.However, one of disadvantages is that using double glass makes the collector heavier. Also the second glass might be broken due to the high temperature.
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